Introduction
Composite materials are engineered from two or more distinct materials. There are three main types of engineered composites are prevalent in industry, including polymer matrix, ceramic matrix and metal matrix composite. Metal matrix composites (MMCs) are made of continuous metallic matrix and one or more discontinuous reinforcing phases. The reinforcing phase may be in the form of fibers, whiskers or particles. Now a day's metal matrix composites (MMCs) are the new class of materials and rapidly replacing conventional materials in various engineering applications, especially in the automobile and aerospace industries. Aluminium alloy is light metal commonly used in the MMCs as matrix phase reinforced with particles reinforcement such as SiC, TiC, SiO 2 and Al 2 O 3 [1, 2] . Aluminium MMCs have low density, excellent wear resistance, high specific strength and high specific modulus over conventional materials.
Particulate metal matrix composites are most commonly manufactured by a stir-casting technique or metallurgy technique. Stir-casting is the simplest and commercial technique because of producing better matrix-particle bonding, easier control of matrix structure, simplicity, higher production rate and low cost. The machining process of these materials is more difficult than the conventional materials, due to the addition of reinforcing materials which are harder and stiffer than the matrix [3, 4, 5, 6] .
In machining process, friction between tool and workpiece generates heat which affect the dimensional accuracy, surface finish, chip flow and hence will determined the quality of finish product. Cutting fluids are used in machining process to remove the heat, reducing friction, reduce cutting force and power requirements, improve dimensional accuracy, and improve surface finish [7] . Meanwhile, the used of cutting fluids can be dangerous to health workers and the environment. Besides, the great social preoccupation about the environmental conservation has made necessary to develop cleaner production technologies. The dry machining is a simplest method consists on eliminating the cutting fluids. However, the total suppression of these cutting fluids involved to work under very aggressive conditions.
Although efforts have been made to produce near-net shape MMCs products by casting process, the machining process always necessary to resulting the good surface finish and dimension accuracy of the products. Machinability is understood as a property of a material that allows for machined under given conditions. It is must always be considered in conjunction with the machining method, the cutting tool, and the machining parameters. Three main machining characteristics become evident in machining process such as better surface finish produced, tool life is increased, and lower power consumption required for machine.
Machinability of a particular material have evaluated by assessing any one of the following parameters: tool life or wear, surface finish, cutting force, power consumption, and cutting temperature. Therefore, in the investigation of machiability, the cutting speed, the feed rate, and depth of cut are important parameters. Machinability of MMCs has received considerable attention because of the high tool wear during machining process [8] .
Several researchers have conducted experiments on machining MMCs reinforced with vary of ceramic particles. Al-TiC composite produced by the in situ technique was used for experimentation. The machining was conducted on a shaper machine using HSS cutting tool in dry cutting condition. It was concluded that there was improvement in the quality of the machined surface with increased amount of TiC particles in the composite [9] . LM6Mg15SiC composite as casted with average particle size 23 µm was machined. The experiment was conducted on combination turret lathe machine using uncoated tungsten carbide (WC; HW-K10) cutting tool without use of coolant. Results indicated that cutting speed, feed rate, and depth of cut are having equal influence on the surface roughness. High speed, low feed rate, and low depth of cut was recommended for achieving better surface finish during turning of Al/SiC-MMC using tungsten carbide insert [10] . Machinability of Aluminium 2024 reinforced Al 2 O 3 particle composite was investigated by turning with TiN coated and HX uncoated carbide tool without coolant. The test results showed that tool life decreased with increasing cutting speed for both cutting tools and the tool life of TiN tool was significantly longer than that of HX tool. The surface roughness was mostly affected by cutting speed [11] .
In this work, optimise the values of cutting speed, feed rate, and depth of cut to find minimum values of surface roughness (Ra) and investigate the wear of the cutting tool (VB) during the turning of LM6 aluminium with 2 wt.% TiC composite using uncoated carbide tool in dry cutting condition. Test results are analyzed for achieving better machining performance during machining of Al-TiC composite.
Experimental setup Preparation of Metal Matrix Composite:
MMCs of type LM6 aluminium alloy (BS 1490-1988 LM6) was used as the matrix material with 2 wt.% TiC (Titanium Carbide) particles as reinforcement were prepared by liquid metal stir casting technique. The chemical compositions of LM6 aluminium as the matrix in percentage of mass have been included in Table 1 . The small ingot of LM6 is melted in crucible using an electrical resistance furnace. The TiC particles were preheated at the temperature of 600 o C for 1-2 hours before mixed with the LM6 liquid to make their surface oxidized. The melt was mechanically stirred by using a hard steel impeller and then the preheated titanium carbide particles added with the stirred LM6 liquid. The processing of the composite was carried out at the temperature of 720 o C with the stirring speed of 200-250 rpm for 20
340
Advances in Materials and Processing Technologies XV minute (Fig. 1) . The melt composite was poured at the temperature of 690 o C in to the round bar sand mould with the dimension of diameter of 50 mm and length of 300 mm. The vibration technique was used during solidification process by putting sand mould on the vibration table as shown in Fig. 2 . Vibrational moulding during solidification process has a remarkable effect on the castings properties of metals, alloys, and composites [12] . Fig. 3 shows the round bar casting product of LM6 composite. and insert uncoated carbide cutting tool was used in the experiment. Details of insert and tool holder are given in Table 2 . Fig. 4 shows MarSurf PS1 test equipment which is used for the surface roughness (Ra) measuring. The flank wear on the cutting tool was investigated using Leica microscope. The combination of cutting parameters: cutting speed (v), feed rate (f) and depth of cut (a p ) were selected as the control parameters of the machining. The cutting condition models designed based on the Design of Experiments (DOE) Response Surface Methodology. This method is an effective approach to optimize the cutting parameters and able to reduce the experiment expenses [13, 14] . The cutting parameters and levels each parameter were set as shown in Table 3 . With use of Minitab software based on DOE response surface methodology, found fifteen the cutting condition models represent Box-Behnken design to run the experiment as given in Table 4 . 
Results and Discussion
Surface Roughness: Surface roughness is a factor of great importance in the evaluation of machining accuracy. Many factors affect the surface roughness of a machined part such as properties and constituents of workpiece material, tool geometry, and machine condition. However, cutting parameters such as cutting speed, feed rate and depth of cut have a significant influence on surface roughness. The recorded surface roughness values during machining of aluminium LM6-TiC composite using uncoated carbide tool under dry turning process at cutting speed of 100, 175 and 250 m min -1 with different of feed rate and depth of cut are shown in Fig. 5 to 7 , respectively. It is clearly observed that in figures, feed rate has biggest effect on surface roughness, high feed rate of 0.2 mm rev -1 resulted in high values of surface roughness measured especially at low and medium cutting speed of 100 and 175 m min -1 . Actually this case is commonly expected, due to agreeable with a popular model to estimate the surface roughness with a tool having nonzero nose radius, is Ra = f 2 32 . r (1) where Ra is the average surface roughness (µm), f is the feed rate (mm rev -1 ), r is the cutting tool nose radius (mm). 15 This model shows that the surface roughness is primarily dependent on the feed rate and the tool nose radius. According to the ideal surface roughness values will occur when satisfactory cutting conditions are achieved. In this study, low values of surface roughness were found at high cutting speed of 250 m min -1 with various feed rate (0.05-0.2 mm rev -1 ) and depth of cut (0.5-1.5 mm). This was due to the velocity of chips flow that is faster at high cutting speed than low cutting speed. This causes a shorter time for the contact of chips with the newly formed surface of the workpiece [15] .
In Fig. 5 to 7 it can be seen that, the curve line of surface roughness values of each different cutting condition is almost similar until the length of cut reached 4050 mm. This is probably during machining of LM6-TiC MMCs without significant change of the flank wear at the tool nose radius during machining until length of cut reached 4050 mm. Tool Wear: Rapidly tool wear is one of the major concerns during machining of MMCs.
Interaction of hard ceramic reinforcement particles with tool appears to be the major factor to tool wear. The wear of uncoated carbide cutting tools during turning of LM6-TiC composite was measured under optical microscope. The tool wear was recorded at every one pass machining until length of cut reached 4050 mm. ISO 3685 was followed for measurement of the tool wear [16] . The progress of tool flank wear versus cutting time at cutting speed of 100, 175 and 250 m min -1 with different of feed rate and depth of cut are shown in the Fig. 8 to 10 , respectively. Tool wear rate was higher occurred at the initial stage, gradually increased at the second stage and extremely increased at the final stage. At the initial stage, higher tool wear rate was caused by small contact area between the cutting tool and the workpiece, which caused increased in temperature at the cutting edge, thus some material easily removed from the cutting tool [17, 18] . The cutting time decreases with increasing cutting speed. Hence, increasing cutting speed produced faster tool wear when machining of LM6 composite. The flank wear progression increases rapidly at high depth of cut of 1.5 mm and feed rate 0.2 mm rev -1 . On the other hand, machining at low depth of cut (0.5 mm) and low of feed rate (0.05 mm) produced slow flank wear progression. This shows that both feed rate and depth of cut significantly influenced the tool flank wear progression. The flank wear minimum (VB = 42 µm) was found at cutting speed of 100 m min -1 , feet rate of 0.2 mm rev -1 , and depth of cut of 1.0 mm until the length of cut reached 4050 mm as shown in Fig. 8 . In Fig. 10 shows that the flank wear maximum (VB = 121 µm) was found at cutting speed of 250 m min -1 , feet rate of 0.125 mm rev -1 , and depth of cut of 1.5 mm until the length of cut reached 4050 mm. The microscope images of the tool wear minimum and maximum as shown in Fig. 11 and 12 , respectively. recommended that turning operation should be carried out at cutting speed higher than 175 m min -1 but at feed rate of less than 0.05 mm rev -1 and depth of cut less than 1.0 mm
